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(54) NONLINEAR RESISTANCE CIRCUIT USING CAPACITIVE COUPLING MULTI-INPUT MOSFET 
(57)Abstract 

PROBLEM TO BE SOLVED: To transform the A and V type 
nonlinear resistance characteristics into that of the integrated 
circuits of the same constitution in a standard CMOS process 
by using a core circuit where the source terminals of 
enhancement type N and P channel MOSFETs having the 
capacitive coupling multHnput gate terminals are connected to 
each other. 

SOLUTION: The source terminals of enhancement type N and P 
channel MOSFETs (MN and MP) are connected to each other 
with addition of drain terminals A and B. Then the input 
capacitance CN1 t CN2 and CP1, CP2 and the input terminals 
N1, N2 and P1, P2 are added to the MN and MP gates 
respectively. In such a constitution, a core circuit is obtained. 
Furthermore, the potentials VGnB and VGpB, gate-source 
voltage VGSn and VGSp and drain-source voltage VDSn and 
VDSp are given to the MN and MP gate terminals respectively 
as shown by each prescribed expression. Thus, the A and V 
type I-V characteristics are acquired in various ways by the 
external control voltage in the same circuit constitution, and the 

circuit constitution can be transformed into the integrated circuits in a standard CMOS process. 




Copyright(c); 1 998,2003 Japan Patent Office 



THIS PAGE BLANK (uspto) 



(19) S#3#f ! FJf (J P) 



(12) & H 4$ IrF & 



(51)Int.Cl. 7 
H 0 3 H 11/24 
H 0 1 L 21/8234 
27/088 



(A) (lDWffPtUH&H** 

#112000-68788 
(P2000-68788A) 
(43) 'Am B ¥J&12*P 3fl3B (2000. 3. 3) 



assies 



F I 

H 0 3 H 11/24 
H 0 1 L 27/08 



B 



10 2 



t-73-r (##) 

5 F 0 4 8 
5 J 0 9 8 



* W#3KB»2 OL (± 20 H) 



(21)W8i#* &m¥-10- 239316 


(71)tB8IA 


396020800 








(22) U3S B ¥f£l0^ 8 £ 26 B (1998. 8. 26) 




t^BEJftJH PTfJ^BT 4TS 1 1£ 8-^j- 




(72)I891# 


¥^ 






tSBOfirfSTfi^* 1 -17-40-604 


















&m 






^IfiftHjfiWltr^* 4-8-8-208 




(74)ttSA 


100089635 






** * 






^#) 5F048 AB01 AB03 AB10 AC02 AC10 






5 J 098 AA03 AA14 AC06 AC09 AC21 






AC27 AD25 AD26 EA02 EA09 



(54) [fPJ©^] **e-&#A*MOS FET*fflV»fc#*JgffittiaBS 



(57) [£*)] 

[Hfl] §I^A*MOSFET5fflV^dtt: 

*»16JJtigS&«:««TS. 
[**^SH «i^AAMOSFETSIl>fc# 

TSNff *Jl-X>A>X^>HMOSFETi, § 
^>h!MOSFETt> WI3S-MOS FETfflV-^ 





immmi] (a) #I^A^y-hSf$ff5 
X>A>X^> bm<Dm 1 ©iP-f *;HvIOS FETi, 

(b) ^m^^Xtsf - «?W5i>;\>^^ 
>M©l2©ft*MOSFETi, (c) gjf23- 
MOSFETfflV-7Sft^L5IlLfc^lijg^ 
ft&Z^TZ 3 7HIK4Sit5fI^AAMO S 
F E T ^fe^S^fgtfiiaKo ' 

[It*:® 2] lS*«USi?cD^*^-g-#A^MOS F 
m l co^^^;i/ttN^^^;UTa&0, MEH 2 ©rP^ 

*i:i&#iit5§li^AAMOSFETJfflU 

ET*ffi^7t^^SStiaS§fC*3ViT, SSEN5P**;!, 
MO S F E TO K U-f >jg^ti l ©AffiAif 6]l;4 
Ae.tl2.B5C0Sfei:. ffjEP5P^*)l<MOS FET© 

h L--r tig 2 ©Affi^s^raic-s-;! en-sig 6 © 

1 C0^*iMf2N5 ij r^;i'MOS FET0 KW-f >S : f 

i oAtt)*a^c#xe,ti5B i ©t tt, m 

SFETfflFK >SwTXH^ 2 ©Aiij;>j 
Sfflt^x. 6ns^ 2 ©f fit, MEN^-^^^co-ir 
- KfcS^^ns^3<Z)§4tHtfiHP^^ *MOS F 
E T© F K >S^Xtt|g 2 ©Affl*afP a 1i;#i6n 

H4C0§MtffiieP5 i ^^JHVlO SFETCKH >Sn§ 
^Xtt^ 2 (DAttJ^SS^t-^-A 4 ©mfii * 

ft§tt$#imti^A*MOSFET& 

[M««5] if*«i|S® ro ^fi^-gr#A^MOS F 
SB 1 ©^Y^ttP^-r^-r&rK iES2 05 ; t* 
5;#att5gi^A*MOS FETSfHi*8 

[11*516] IS*J15fe®©^M^^A^MOS F 

S£<h£4#S<h-r-5sga*£-&^A;>jMOS FETSfH 
ET€fflV>fc*ajBttttlOKI-lc£lr>T. iBPft** • 




( 2 t#§8^P 1 2 - 6 8 7 8 8 

2 

MOS FETCKW >*?tJBl©AHl*«|-?mfc^. 
;L<=>*l-5|gl l©mfei:> ffigNft*MOSFET 
© KU-f >«^tm2CDAtt)^ig^p B T(c^x.en-5^1 

-5fg 5 C^fiiSPft^MOS FETffl K U-f > 

s^tts i ©Aiiiss?rifc#i6n5i7©ifi 

ftfrf2N5P^;UMOS FET© KK>S?X(il2© 
Atti*S^p B Tic:4.x.e 1 ri^^8CD«{ii: 1 iWEP^v* 

OSFETfflKH >SfXBS 2 ©AUJ*ffl^C4 

SnajgSCgitmBNft^MOSFETCPl/ 
-f >SfXttl2©A!ti*WF B 1l;#x.f,tl5S 1 0© 

f e r^m^tcimmmmm^ 

[0 0 0 1] 

^ SFET*fflVifc*«»fitt|gs»fc«D, ^fisg 
d#A^MO SFETSfl Ir^^lSl^^ttSStlHlSSCS 

[0 0 0 2] 

^^^^m^-SJE (I-V) 

[0 0 0 3] CWctd^^/t-r^C^S^^t,©^ 
^^>y7^ (BJT) m»*h7>5?7* 

(fet) *a*^*3-a-&0s»j&«ii*snx«r>* «djb 

1 3tSK : L. O. Hi 11, D. O. Pederso 
n, and R. S. Pepper, 'Synthes 
is of Electronic Bistable 
Circuits, ' IEEE Transacti 
ons on Circuit Theory, vo 
1. CT-10, pp. 25-35, 1963.). 
[0 0 0 4] Set, 2^©^Si^h7>i; x 
40 * (J -FET) *-#£LT*«@»ft-r3gfff»C«k 

^ 2 : G. Kano and H. Iwasa, 
'A new A — TypeNegat ive Res 
istance Device of Integra 
ted Complementary FET Str 
ucture, ' IEEE Transaction 
s. Electron Devices, vol. 2 
1, no. 7, pp. 448-449, 1974.). 
[ 0 0 0 5] Sfcifi^ 20©MOS FETSfoTA 



(3) 

3 

t«fflaftT^« cox 3 3tSK : r^«^ 

j£, B«»3t, ^UjIE«, '2I0MOS- 

FETi:J:*A|gh7>y7^ > ' BB?D 5 3 *f S«§U» 
«*£j|t:|t:*«*&*£* 2G9, p. 270, 197 

8. ©jmxik : h«#je. vzmi%, m 

>yt7?>7,, 1 m^-mm^Wsjtn, vol. J63 

-C, no. 5, pp. 3 2 5 - 3 2 7, 1 9 8 0. 

©Ill : ftta*. m^fJ^, ^LUIE J0 

;u^cd^^' STilfi^lSXSS, vol. J6 8- 

A, no. 7. pp. 6 7 2 - 6 7 9, 1 9 8 5) « 
[0 0 0 6] 

fcft*<B®tt4 , <B4>&< <hfe l^ODMOS F ET^ 

>A;* > MMO S FET<B*T«/££n*«2p«£C 
MO S yD-trXTSftlHJK'fb-r^ £ £tt-C*fc:^o 

[00071 ±E«Hijft*»*Tsfc»^ a? 

6i»**X*MOSFETSffllr^itf:J;O t 
WfeCMOS^Pir^T*WlHl8SYtA*"5IffiT?, A 

^I^^AAMOS F ETS:fflCifc*«^ffifiilHlK 

MOSFETttt, MOSFEKDy-ha^Cl^ 

MOSFETT&^o :©$ii&*AAMOSFET 
©ttfftt. 1 OfeKttiO^gl^AAS^S 

vMOSFET (® * 6 Xfflf : T. Shibata 
and T. Ohmi, 4 A Functional 
MOS Transistor Featuring 
Gate-Level Weighted Sum a 
nd Threshold Operations,' 
IEEE Transactions. Electro 
nDevices. vol. 39, no. 6, pp. 1 
444-1455, 1992 #i) ^MFMOSFE 
T (®^7;£ji£:H. R. Mehrvarz and 
C. Y. Kw ok, 'A Novel Multi-I 40 
nput Floating— Gate MOS Fo 
ur— Quadrant Ana 1 ogMu 1 t ipl 
ier'IEEE J. of Solid State 
Circuits, vol. 31, no. 8, pp. 
1123-1131, 199 6 #88) to&ofZ. Xt)<D 

-hMOS FETtraUT?**. 
[0 0 0 8] L*>U *KgH<7)^a»ffiSiIllK^43l^T 



WmW- 12-68788 
:^Tf5gtf^A^MO SFETI1 v MOS F 

[0 0 0 9] -J, i/MOSFETH(D7D-7^>y 
[0 0 10] 

[I$jS£^*T3fc£cD^&] *^bj«, ±fSg«J^S 
CI] *ljB^*AAMOSFET$ffl^&*i»«SSi 
A>X^>hS©Sl^t^MOSFETt, §fi 
2©ft*JVMOSFET(!:, ltE*MOS FET0V 
E»g ^fiTT <£ a t~ L fc (7) T & § . 

[ooii] [2] ±ie cid e*<D*jMe-&*A*M 

OS FET«rfflV^*«Jgffitn:iHlKt43ViT, MIS^T 
[ElS§<DSg 1 (Dft^JKiNff^T^^ flfifBS§2<Z) 

[3] ±|B C2D ISt^ie^A^MOSFET^ 

«neAS!«a-«jEE»tt***jc:«<ba**j:5 

[0 0 12] (4] ±B (3) E*<0**»-&*A*M 

o s f e t tffl tifc#»»*ttH*t*^T, me 

(a) -HI 6 (p) \Z^TJ:5\Z. ffiBN^^MO 
SFET©FH>«? (A) tmKDA&Jd^ 

(x) r^^Abti^s^ifi (vx ) mibp^ 

t^MOSFET©FK>Sf (B) £l§2CDAffi 

^ffl^P (Y) p H i(:4A^n§S6a)tfi (vy ) ££W 
U 89f2P^*;KD^- M:U£iHi$n*» 1 <D^A 
(Cpi) iMENf t *MO S F E TflD F W >if 

(A) X\zmi<DXtitf3ffi? (X) 

<D«& (vpia , vpix ) mmP^^^JMDtf—b 
\zi£fgi2nz>WZ2<D&m (Cp2> ^SufSP^-f^MO 
SFETOHK>t? (B) Xtt*2 0AU** : F 

(Y) R|l:4A5n5S20«fi (VP2B , V P 2 Y ) 

1 h usasnsa 3 ©si 

(Cn) tffliaPft^MOSFETOKK 

(B) X^2<DAtB*«s^ (Y) IB»C#^6ns»3 
<0ftft (vhib , v n ,y ) <h, SfrEN^^^JKOy— h 

c»asn§»4©8i (Cn 2 ) <tmifBP^^^;i/Mo 

SFETOHH>*f (B) XttSB2<DAtti;&«HP 
(Y) WZ-5-X.*>n2>fg4<DmtiL (v«2b , v h 2 y ) Zl 

[0 0 13] (5)±E(D BiO«8&*ASM 



(4) 



B¥l 2 - 6 8 7 8'8 



•5 J; -5 C L t> co t 5 „ 
C6] ±fg (5] fESco^Sjjg-g-^A^MOS FET£ 

<fc9, H9IHV^S»6-mEE#ttS:^(c^fk$-i3-4J:5 

[0 0 14] C 7 3 ±IB C6D etO«lt^»AAM 
OSFET*ffiUfc#auKffiSti3KC*V»T. ®8 

(a) -0 8 (p) K5t*\k"5fc, fEPft*MO 
SFETOHH>Sf (B) tig 1 CO A tH JiM^ 

(X) BC^^ftSIl 1 comfe (vi ) t, flftgN 
ft^MOSFETfflKK>wf (A) tig 2 CD A 
tHaflHP (Y) f|i;#i?,ti5Ii 2coSfe ( V , ) t 

fi (Ck 2 ) i:i!EPft*Jl'MOSFET(Dh*l/-f>g 
^ (B) XttSBlOAffl**^ (X) IWfc*it6tl*SB 
7 cose (v« 2 , , VN2I ) t. WKN^r^JKD-^- 

OSFETCKK>if (A) XttJ8 2©Affl;&*?. 

(Y) Rut-^Asnsat scone (v. .a , v., i ) 

(C f2 ) iH^IEN^^-^JUMO S F E TCO F Ix-f 

(A) XttSB2©AW*«|^ (Y) IWfc#;tSn*«9 

(v P2A , VP , r ) ffirS3P^^^.;ucoy-h 

fc*tt3*l3JS8a>«* (Cm) 'tWBSN^ + ^MO 
SFETOKH>t? (A) 3Ui|g 2 CD A t£i;b5S^ 

(Y) ffilZ-5-?LibftZ>mi OVMilL (V,.i , vnr ) 

<t i&^-r -5 J; 5 L fe COT* -5 . 

[0 0 15] ^ 

C 0 <C 6', for i = 1 to m 



10 



20 



30 



CD ^Slg-a-^A^MOS FET 

[1-1] *l«d*AANft*MOSFET 
H 1 H*%^l;§5f I^^AANf t^MO S F 
ETC0(sIS§ST&-5„ 

[0 0 16] cwisc^T.fc'SK:, ^m^^xtiN^ 

t^JWOSFET (£*T, NMOSFETtl>5) 
(4. ii*©NMpSFET©y— hJt^-Gfc, igftCD+ 
WtS^Ci ~C. fcift-frU ^-tl 6 * A ^5S-? t? 
•5. -coiolC^^A-ix^C. ~C. S^-UTA^^JP 
ASrtCJ;!). NMOSFET-MNwy-FiSK 

[0 0 17] V-*iiHfS Lfc*te*v 
s., K K >^s^-DC0^-tiS: vi, . S "slcy— hS^PG 

com-s* vc, mmm^-BointiLZ v.. t-r^. re 

■P, BlCwlftiJIC. v... , v,., . v,„ , 
-, v,,. . £&i&£g^<hLfc#A*S^CDi|£E. C 

o <&y- h • str»i y- f, . |< >IH ^ y_ h . v 
-xrao^^^fis stay- hoo Kftst^*©^ 
if-; c . c 2 , c 3 . .... c. #Aa»F£y— 

[0 0 18] «T-Ct4, iSfflaWS^tfiSL. y 

f*fc«>, v-^si^siasttJi^BttsnKiaMisti 

^SC, ©«»ttl!,B&<Ofctt«&f#ttK:*«£.5.;>t 
[0 0 19] 

[ftl] 



[0020] -ea&^t^-r-s. ccob#, y- 



[0022] tfiflar**. 

[0 0 2 3] 
[ft3] 



cr=.(g.--vii>.-) 



[0 0 2 1] 
[ft 2] 



(I) 



•• (2) 



40 



Cr = E C - 



(3) 



[0 0 2 4] -CifeSo CCT% V-XSS^S£gip£L 



7iMNCDS8<g«JE£ V, „, y— • V — AfWSJESr v 
c S „ =vc.-vs., KH > • V— *|WtLEE*VM. = 

MNOBfli«ijjj : tfF K>t j| 1 , lttKT(|)J . 5| . 

[0 0 2 5] 
[ft4] 



(5) WfflW- 12-68788 

7 8 

1 . vas, < V, ~ < ^ V* 

[0 0 2 6] * 5] 

[0 0 2 7] * 

... ( 5 ) 

[0028] * [ft 6 ] 

= A H S 2 I gy i>s n - Vtn I v DSn - y DSn j ••• C 6 ; 

[0 0 2 9] fcfc'U K. (1/2) tf, C.» (W. 30*^.;i/ST»-S (£J.TIrH£) . 

/l» ) . u. \3.m^<o&mm. c..»*. MNogfti [0030] 

^S. W. , L. te-5-*l-?ttMN<Z>y— h'lSfe.fcO^-f* [ft 7] 

( b ) V DSn > V CS „ - V ln TKt>*> "D*. > ^- ll g T " — " «*. " 

*£>n = A' n (u 05 „ - V t „) 2 '" (7) 

[0031] t=t [ffe 8 ] 

. K. p-tft-""' -^-^)' -(8) 
[ 0 0 3 2] «±ck?K SI^^AAMOSFET -Xm z FL&&m¥ tt^^ntl^ <h"T^o » 

SE^ft^tS C (h^i&f /H : [0 0 3 3] ZL<Dm. SttSWiUtMPOy-hi 

^ e fGOiSvcpli (2) S<hlHl«JcbTJ^T^)cfc^t37K 

[1-2] §ilg^A*Pft^MOSFET tC^tfS, 

a2}i*«9Si:«Smi©#i»6AA*fS:l#OPM [0 0 3 4] 

OS F ETOlHltte!T*5. C CTt>WIBi:|p|«tC V 9 ] 



(6) 



9 

VGp 



if 1 2 - 6 8 7 8 8 



Ct 



10 



(9) 



[0 0 3 5] MPffly-^fs^yFK>JgfD 
V, p il, y- - v-xp B 1Sffi^ v Ci , =v Co - 

v S p, Ku-r > • v-xpflmjE^v DS p =v t ,- V! „ * 



[0 0 3 6] 
C 1 0] 



1 . vasv > V tv -ftlfo-t, — _ ^ > Kjp 

tDp = 0 ••■(10) 



[0 0 3 7] 
[0 0 3 8] 



* [ft 1 1 ] 



( a ) v DSp > v GSp - V lv 1rt&t>% »os» > c r lN ~ *sp - V lp 

io P = h„{2{v G s P -V tp )v DSp -vl St> ) — <1 O 

[0 0 3 9] it 30* [ft 1 2] 

= ^ { 2 ( E ^ ( ^ VJW) - vs, - vjj v DSp - vl Sp } -(12) 

[0 0 4 0] fc«U Kp « (1/2) «„ C. (Wp **WT*« (RTHt) . 

/L » ) - «» JUOD^Sjg, C«, ttMP(D^-ft;fli [0 0 4 1] 

^S- Wp > L, tt^-tl^-*nMP©y-hi(B*3 e fcu:^^^ [ftl3] 



( b ) VDSp < t*»r, - Kr -r^fe-fe V £>5 P < ^ " - « s „ - V (p C;»# 



< -q t v Sp - v tf 

io v = A'p^-K^ --(13) 



[0 0 4 2] 



♦ ♦ [ft 1 4] 



P \ c; w *-k>J 



( 1 4) 



[0 0 4 3] [2) *«S^AAMOSFET*ffltJ 

■Hi 



(7) 



» B3¥ 1 2 - 6 8 7 8 8 



[2-1) Z)7£ft£tEl&§ 4 

[0 0 4 4] £<DE»tt, SI^AA^ofeNMO 
SFET (MN) tPMOSFET (MP) 
?***StfcHI8T85. Cu"CttftFETtt2ffl^) 

<h"T^o MN(D2^(DA*fI^C«i<l:CN 2 , M 10 

P'(0 2OC0A****Cpi <hC P 2 4:U ^ti-en^A* 
dfSNL N2, PI, P2in. E*T, £<D[eIS&* 



[2-2) AS I -V^ffi^H^T^S*[ElK 

T3S*(H!&§l3~Ca£>D, testes 7IIIB&T&*. 

[0 0 4 5] ±ELfczi7iatt<0#«l : FfclH4©<fc5JC 
«JE*iJ0iLS^i:^cfeO, SBTA-B|WK:ASI<0 I -V 

fc&fB^cottJESrKSi:. ±K (2) *3<fctf±fE (9) 
5£<£9. MNiMP^-hffi?©ifivcoB , vcpb 

[0 0 4 6] 
[S15] 

- (1 5) 



[0 0 4 7] 



* * [ft 1 6 ] 



( 1 6) 



[0 048] m n coy — h • v-^niE a>*y- h • v— xw«jbevcsp > hh>* v-*w«ffi 

VcSn =VcoB — Vmb *** (17) 

Vdsd =Vab — Vmb *"* (18) 

VGSp =VCpB — VlIB """ (19) 

V dsp =— vmb —(20) 

[0 0 4 9] ±12 [1) fTiBlfc§I^ 1. vcsn <V'„OW, MNtt»i««T?ft«. 

A^MOS FETCD#tt5££JBV>T, MN©HH>* [0 0 5 0] fct, ±15 (17) 5£ J: 0 , 

VGoB ~ V«B<Vt« < 2 1) 

i Dn = 0 -(22) 

2. vcsa ^Vt»cD^, "rjttte-e, 

<BPS, MNIigKI«t»5, C<DWP*6^, (a) v 4 10 0 5 1] -ftt^l^ ±IH Cl 7) , (1 8) 5t«fc 

DSn <VGSn ~ V , n <D%% > MN«£SfS«tfe5o ♦ 0, 

VAB<V C0B -Vtn - ( 24 > 

i D n=Kn {2 (VCS« "Vu) VDSn -V 2 DSn } (25) 
= Kn {2 (VC.B -VMB-Vtn) (Va B -Vm B ) ~ (VA8~Vbb) 2 } 

- (2 6) 

(b) vds. ^vcsn -Vi a <Dm. MNttfi»fi*t» * [0 0 5 2] 

vab^vcpb -V.. *•* (2 7) 

i D d = K.0 (VGSa -V,n) 2 ~ (2 8) 

= K, (vgob -vh-Vu) 2 <2 9) 

1. vgsp >Vt P <B«K h7>yA^MP«f®^ 50 [0 0 5 3]^oT, ±E(19)SJ:0, 



(8) FfffiW- 1 2 - 6 8 7 8 8 

14 



VGpB — V»8> Vip 



(3 0) 



iop = ° -(31) 
2. vcsp ^V lp(t ,PS, MPttSfi« T »S. ZVm ^MPttHfUtT^. f«tto%, ±15 (1 9) 
SbfC, (a) Vdsp >Vcsp -V.pCDBf, (>7>yX* (20) S J: 0 

VCD,<V " ' - (32) 

iop=K p {2 (vub-Vcpb +Vi P ) Vbb-v 2 »b} ••• (33) 

(b) v DSp Svcsp -V,,©B$, MPttffiftJBtt-C&K **. -TfcfcS, 

VCBB - Vll> - (3 4) 

<m, 

iDp=K P (vcpb — v«b— Vip) 2 ... (35) 

ifcfc . ±E©H*ft«v»T, iA^^i,^^; ★[0 0 5 4] 1. MN, MP^fcritiUruftL 

v»b= {2 (V,.-vc.b ) v*b + v 2 *b} /P ... (3 6) 

P = 2 (v t „ -vub +V,,,-V l p) ... (37) 

[0 0 5 5] 2. MN*t= SfiJiTWU MPWi» 5 ) ScfcD , ***** <3 

V»B= {v 2 ,, + 2 (V..-VC.B ) VAB+ (VCPB -V,p) 2 } /p 

3. MNAWi^^, MP ♦bX^*W;± E (2 9) iiltf (3 3 ) 5^9, 

v«»=- (v c „ -V..) 2 /P ... (39) 

4. MN. MP^tiftW^^nj^u, * (2 9) SMsitf (3 5) SC«tD. 

V»B= { (Vcpb -Vip) 2 - (vcb -V,„) 2 } /p ... (40) 

K±**t*«i, ■4©««iAtt. HTffl«IC# * [0 0 5 6] 1. vo.b -v.KVu^Wiv,, - 

*s*i*„ fcaru httuk vp.>v 1p <™#. 

^ iA= ° -(4 1) 

Vi.i — Vub iVi. S-SUtS Vcpb -V«iSVi P 0+ ★B^, 

* A *° - (4 2) 

1A = K {2 ( V G n B -V«B-V,o) (VAB-VMB) - (VAB-VMB) 2 } 

- (4 3) 

v HB = {2 (V ln -vc«B ) Vab + v 2 ab} /P ... (44) 

(b) Vab<Vcob -Vi.AOvspi ^V lp C7)Bf. 

i A = K {2 (v CoB -v BB -V lD ) (vab-vhb) - (vab-v mb ) 2 } 

- (4 5) 

V UB = {V 2 AB + 2 (V»„-VG„B ) VAB+ (VCpB "V.p) 2 } /P 

(c) VAB^VGnB -Vi.^VCpB <V,p<&&^ 

i A = K (vcn -VMB-V t p) 2 ... (47) 

V«B=- { (VCHB ~V ln ) 2 } / P ... (48) 

(d) Vab^Vgob -V.JOvcpe ^V, p (^0§, 

i A = K (vg„b -v«b-V,.) 2 ... (49) 

v«b= { (vgpb -V,p) 2 - (vgob -V,„) 2 } /p ... (50) 

^ii: t^fc37HlO#ifl: B 5«>J: -A«CV«<DI--V#**i#S*i*. ;, t . B 5 , , 



• 



(9) «HMW 1 2 - 6 8 7 8 8 

15 16 
±12 (2) 43«fctf (9) SctD> MNtMP (D-ir— * [0 0 5 7] 

^tf^ftvcnA , Vgpa ^T4^btl^, * 

VCnA = (Cm VN1A +CnZ ( V B A + V N 2 B ) } / (Cni+C«2) 

»• (5 1) 

vcpa = (CpiVpia +Cp2Vp2a ) / (Cpi+Cp 2 ) — (52) 

y-xraSJEvosn ^{/MPOir-h' V-^rSIE [0 0 5 8] 

v CS p , > • y-xrasjEvosp a, ^-c^-r^ 

VGSn =VcdA — VUA (53) 

vdso =— vma ■••(5 4) 

Vcsp =Vcpa —Vma *** (5 5) 

Vdsp =Vba~ Vma (56) 

8912 C2 - 2) Si^^S^ffl^TH't'OiS ★ [ 0 0 5 9] 1. v CnA -v H a<V,« (MN**iK»f« 
= - i D . = - iDpS*»5tHT©<t5l:a:5, fci£ «) 8S^ttvc,v - vu>Vi P (MP#ii»r««) © 
U »^0^-T<f Ko =Kp =Ktb^o * 

i, =0 - (5 7) 

2, vcda -vh^V.^Ovcpa^vba^V.p (Mt£t MP^KLKtetKiB) C0P$> 

i , =36=0 --(5 8) 

T&D, (a) vcnA >V, fl ^O vba> vcpa ♦Vip (MN, MP*l:£If««) C0P§, 

iv = -K {2 (vh-vg.a + V» D ) vma-v 2 ha} — (59) 

V UA = {2 (vcpa -Vip) Vba-V 2 ba) /P — (60) 

(b) vcnA >V lD (MN*=gf*«) AOvba^v* *cpa -Vip (MP#IS?Dffi«) (Dm. 

iv =-K {2 (VHA-VGnA +V,„) VHA-V 2 II A } — (6 1) 

V«a== { (vcpa -Vip) 2 } /P - (6 2) 

(C) Vcoa ^V, D (MN#*fiSHR«) dOVBA>V^ *c p a -Vip (MP^HIfM) 

iv =-K ( V G n A -VliA-Vm) 2 »' (6 3) 

VMA = {2 (vcpa -Vip) Vba-V 2 ba" (Vc»a -V,.) 2 } /P 

•» (6 4) 

(d) vc«a ^V.JOvba^vcpa -Vip (MN, M* *P*KlflaSMH«) <Z>B#> 

iv =-K (VCnA -V«A-V, B ) 2 — (65) 

VMA = { (vcpa -Vip) 2 ~ (Vc.a -V,.) 2 } /P - (6 6) 

[2-4] ASI -V#*»ffittEtt<DBfc& ^^>n^>o H4«"mi»»ftltU«:iE*«tt. ^(Dffl^^H 

:CT11 C2-2] *T»^fcAl! I -V#M*»tttt 3fc*U&37ffl**«A*£t*«bT^*. H 6 

nSimSS«ri»B^t*^)o 0 6«t»<BB6 (f) <D®B£tt^T»L<ai^£>. ^<D 

[0 0 6 0] @ 4 (DlHlKt^S? A^o itflg^ B C-^n 0B&B 7 Ka^T, 

H 6 l:/Tt <fc 5 ft l 6 i 0 *B7l:«t J: 3 StV 

VCnY = (CniVNIY +CN2VN2Y ) / (Cn1+Cn2) *" (67) 

VCpY = {Cpi (VXY— VI +VP1A ) +CP2VP2Y } / ( C P 1 + C P 2 ) 

- (6 8) 

VDSn =VXY— VI — VUY *" (69) 

vdsp == v y — viiy ••■(70) 

VGSn ==VCnY ~ V«Y "* (7 l) 

vcsp =Vcpy — VlT *** (7 2) 

[0 0 6 2] $6JwH4tH7*Jt«-r*<5:, M!3 + £> 

vab==vxy— vx — vy (73) 

Vhb = vhy — v y •••(74) 

Vhib ==vniy — vy (75) 
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V N 2 B == V (1 2 Y V Y •••(76) 

V?28 =VP2Y -Vy ...(77) 
VCoB =VCn! -Vl •'•(78) 

Vgpb ~VcpY Vy ••• ( 7 9 ) 

i A=0 ^ g Q ^ 

2. v«., -v..iV l ,*3v„, -v aY <;v, p (M3K *N, MP*l: g g«|) ^, 

1 A *° ' - (8 1) 

$e>fc, (a) vn<vi +vt.i -VuAo 

vcp, <v, + V,„ (MN, MP*t=gti«) £>★ 

iA = K (2 (vc, -v»,-V,.) (v,r-vx -v»,) - 

(vxy - vi - vm) ! ) — (8 2) 

v»t= Cv 2 XY + 2 (V,.-vu, ) v„+ {2 (v.., -v„-V,.) 
+ Vl ) vi + {2 (vcp, -V,p) -v, } vt ] /Q ». (8 3) 

Q=2 (v t „ -vc.r +V..-V, P ) ... (84 \ 

[0 0 6 4] (b) v„<v> + vc„, -V,. (MNx«*a) ££) C0B#, 

iA = K{2 (v (< > -v„-V,.) (vn-vi -v,,) 

- (vn-vi -v.,) 2 } ... (g 5) 

v.,- Cv 2 ,, + 2 (V.p-vo.T ) v x ,+ {2 (vc., -v„-V,.) 
+ vi } v, + (vcpt -V,,) 2 ] /Q ... ( 8 6) 

(O v.^v, + vcpv -v.. (UNtflMN) *♦ ♦■3v.. l <v, +Vl p (MPtfEMM) cd^, 
l A = K (vc, -v U y-V,.) 2 ... ( 87 ) 

V»,= C (2 (vcp, -V, P ) -vr } v, - (vc., -V,„) 2 ] /Q 

(d) vniv, +v«., -V,.*r)v.„ iv, +V* * lp (MN, MP^fcfcft**/©*, 
i A = K (vc., -v«r-V„) 2 ... (89) 

v«* = { (vcp, -V,„) 2 - (v C0 , -V,.) 2 } /Q ... (go) 

Vc., = (CiiVn, + C»! (Vir-Vi +V« 2 , ) } / (Cni+C» 2 ) 

-(91). 

Vcp, - (CfiVin + C r2 , vm ) / (Cm+Cpj) ... (g 2 ) 

v„. = v , -v„ ... (93) 

V„ Sp =Vm-V( -V.r ... ( g 4) 

Vcs. =vco, — v», ... (95) 

Vcsp = VCp» - Vii ... (g g) 

$6fC, 0 5 <h^9^Jt^-rSi, SBtCS [0 0 6 7] 

via = vij— v, -v, ... (97) 

V..-V.I-V, ... (9 8) 

v... -v.,t -v, ... (9 9) 



(11) 



nmW- 12-68788 



19 
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VP 1 A 


= VP1T 


V Y 


- (10 0) 


V P 2 A 


= V P 2 Y 


V Y 


- (10 1) 


V C o A 


= V C n Y 


— V Y 


- (10 2) 


V C p A 


= Vcpy 


— V Y 


- (10 3) 



&s±<Dmtfk& (2 - 3] »T7FbJfc£Stt£ft^"r£C<!: * [ 0 0 6 8] 1. v CB y -v U y<V 10 (MN^iiS 
\Z&D, H 9 <D\m&<DWlft : &tf&sT<D<£5\Z&iE>nz>o *) feSV>ttvc P Y -v U y>V lP (MP**iB»rfiB«) 

fcfzL, #*>?J-^-r<-r5fc*, K. =K P =K<hl WF, 

i T =0 - (1 0 4) 

2. vchy -vn^V.JOvcpy -v«y^V ip (M*i0*N, MPfttCKtettSR) 

i v =jt 0 -(105) 
T?*t), (a) vy <vc.i -V,^Ovn>v* *x + v c P v -V. P (MN, MP*Kl = ffi«iH«) 

iv =K {2 (vcdy — Viiy— Vid) (vy -Vyr) - (Vy -Vm) 2 } 

■» (10 6) 

VuY = (—v 2 IY + 2 (vcpy — Vip) VXY-f {2 (vh-Vcpy +V|p) 
-VI } VI + {2 (Vin-VCoY ) +VY } VY ] /Q — (107) 

•V,. (MNtfESfff* *OVT!r tVxy^vi + v Cp y -Vip (MP*fi»««) C0R#, 
iv = K {2 (voy -vn-Vio) (vt — vm) - (vy -v«y) 2 } 

- (10 8) 

VMY='( {2 (Vid-VGdY ) +VY } VY + (VGPY ~Vlp) 2 ) /Q 

- (10 9) 

-V.o (MN#«S?Pfi«) *Ovm4 4>vi +vgpy -V,p (MP^ElfffiW <£>0f, 
i v =K (vcby - vuy -V..) 2 —(110) 
V yy = (—v 2 xy + 2 (vcpy -Vip) Vxy+ {2 (vxy — Vcpy +V ip ) 
-vi } vi - (VCOY -V.o) 2 } /Q - (1 1 1) 

(d) vy ^Vc.y -V lB *Ovn^vi +Vgpy -V* *« P (MN, MP*C^Slfi» CDP§, 
i v =K (vc.t - v«y -V,,) 2 -(112) 

V«Y = { (VGPY -V,p) 2 - ( V G n Y "V.a) 2 }'/Q - (1 1 3) 



(b) Vy <Vcni 



(C) VY ^ VCiiY — * 



[3] R«5/5 3lU-S/3> 

±e m m^&® remits* m^tz^ is $ 

^u-i/B>\z&K>. m7<d\e\&<d i -v^tt^m-ir l 

• Kn =K P =3 0 0 ix A/V 2 

• Vio = 0. 7 V 

- V, P =- 0. 7V 

•CN1=CN2 = CP1=CP2 = 0. 1/lF 
| 1 0 V P 2 Y =~4V, VM2Y =2. 5 V, VPIA 

= vy =0V<i:l, vniy ivi — ^ i: b*tP$ 

CD, Vxy lC3*rr£> i A©Wttft«-T. 
[0 0 6 9] v p 2 y =-4V, vniy =3V, 

VpiA =vx = 0V<hL> v n 2 y =vy <2#;fr<£>TT, 
vy S/^* — ^(hLfcPttfX vnl:«t5 iAO#tt 
£HI1 1 C^to Mk\Z, H9<Z)lalK^«rttO^^ j-U— 

[0 0 7 0] 1^ 1 1\Z, m 7 (BEIRSlCcfcUT vy 
*-*£LfclSf<& vxyK^TT^ i AcBWttSr^-To HI 
2 Id, v p 2 y =— 4V> vpiy =vk2b =vy = 0 V <h 
U Vnr 43j;tfvx ^7^"^il^ V x y £ 



^ 30 S§K::fc^T, v p 2 y =~4V> Vniy =2. 5V, v 

N 2 B =VX =0Vil, V N 2 Y =VY CD#jft<D~FT\ V 



y — ^£LfcP#<B, vxy \ZttT2> i v <£>4$tt£ 

[0 0 7 1] ^n^COm^-i/^^ U — ism >\Z<£0. # 

iWUBanfc. ^»«El:iDtfl)I-Vl»tt 
SJEfbS-fr* Ct^Blj)ET?*t), H 1 4 K^L 

[4] «SiJttaicJ:«?Ufe 

MOSFETMN^3J:^MP(l CMOS- I C HD 
1 4 0 0 7 UB PcfOF ETSffl^fc. S'&gi 
tt, C«i = Cm2=Cpi=Cp2 = 0. UFilfCo 
[0 0 7 2] 5II0 7l:^l/iT, v p 2 y =-4V, 

vn2y =3. 2V, vpia =vi =0V<!:1, v«n t. 
v, — ^<hb£:B$tfX vxy \Ztt*TZ> i ACOSJ^ 

-yaXOMlcMt^o 2 HI 6^13 7 tC*5 

V*"C, vniy =3. 5 V, v p 2 a ==— 4V, vpia = v 
SO i = 0V£U, v n 2 y =vy (BifeftOTT* vy 



(12) 
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[0 0 7 3] H9<Oiatt*C*3l>T, vph =~4 

V, VN2B =VP1Y =w =0Vi:l, vnu (hvx £ 

>CD«*^*f«t"€>o £SiC\ IS 9 <B|IIB£43U 
T\ v P2Y =-4V, V Nl y =3. 2V, V N2B = V, 
= 0V£U Vn 2 y =Vy £>^#CD~FT, Vy 

-->3 >«S«£^tt#Hc:ii< — Sf§ 0 t¥^T, Hifcfc: 

[0 0 7 5] ^^T> *»W(7)|Hl»«ftai«#j!lil|ElK 

#**=3.-n>iHiB (±ie©jj§ 5 xmrnmi (ommm 

[0 0 7 6] *»Wtt±EHMS«K:IB«$n*fe 
[0 0 7 7] 

(1) B-EK*ri6-rAS!i:va!0D*a»agt«rtt*«» 

(2) ^«^SO«(W«JEfcJ:D, 2Mftft#ttJBaiM* 

(3) I >A >7 ^ > hSMO S F E T ©*Sffl ^T^ 

«*WttCMOS^D-bX"T?*S||ElBfl:3&«pItt 

(4) Axm&&miz#ffi.m**rtzs&hmm^ffi'v$> 

Z><W, W'^t/ty^^jfflt't^^teCMOS 

(5) ffilT 5MO S F E TOW X*/h$ < fnii 
fc, CtDRS, *F***Co r CI - 13 fctmSS 
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2? 



.(6) vMOSFETWfl^tf, 
»*»fc««raBfc#^IB-e»*. 
[jUM^fflm^IffiBJ] 

[0 1] *^^Ci5$ig^AANft^MOS 

[H2] *»BI:«5mfiOSItt§A»*fS^P 
MOS FETcD|nJ£g|IIT£>£ 0 

[B3] *ftw<Dmmmz^$mM&miBi&<ou7 ± 

[04] *«^O*lfi«*^-rA^fflC0 I -V#t££H 

[^5] **woiiM«*jR-rv*ffl(o i »v#e*ii 

186] *58«0*»flftStA?lO I - V»tt*S 



[0 7] *»S©*HlKtS-rA*HflE) I -VWttft* 

[09] *«woiaBfl»!*«-rv^ffl© i -v*tt«* 

[0 10] H70|aIB(l:*UTv«n iW.v, 
^-*tLftl»©viTt»t* iA^>Sal/-j/ 3 > 

[01 1] B7flDIHBfc:*^Tvi 
<£> vn fC^fT^ i A<£#f££;^0T&£o 
[0 12] BQOBBfctWvin *5<=fctfv, 

^^^:^T0-eab^o 

[01 3] 0 9<O|HlBtC*3^TvT 
&3<£>Vxy i^t^ i v <2#tt£5K-T!^T£>£ 0 

[0 1 4] *»Woaafi«*^r**}S:#*»fiift«Ftt 
0T&£ O 

[01 5] B7i:*^T, v, 2l = - 4 V, v N2y = 
3. 2 V. vpia =vy =0Vd:U v NiY hvx £/t 

"T0-C$)^>o 

40 [mi 6] i7tt^T, vnu =3. 5V, v P2A = 

-4V, Vpia =Vj =0 Vib, V N2 y = Vy CD^# 
<DTT*. Vy S/^^-^tLfc^, VnCTf^i 

[B17] B9 0BBfc6^T, v P2Y =-4V, v 
BJiB =vp,y =v Y =0ViU v NlY £v x 

[018] H9<0EIBfc*lfiT, v p 2 y =-4V, v 
■ it =3. 2V, v n 2 b = vi = 0V£:U V N 2 Y = v 
50 y (7)^#<DTT, v," t/W>-^tLfc»o, v*rtC 



(15) &ffl¥- 1 2 - 6 8 7 8 8 



[0 8] 





(16) WBW 1 2 - 6 8 7 8 8 



[0 13] 




V X y [V] 



[015] 




• 



(17) 
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[0 16] 





-IO 
-15 
2D 

-30 



1 1 


j i 11 

I I : 
' / / / - 


0.8 V-<V\ / 

o.4 v-^A 7 
o v-^\ / 





[V] 



V 



[»aiH] W-tit 1 l *p i o% 1 B ( 1 9 9 9 1 0 

1) 

i^mmm i ] 
ntiE*t*m«] wans 

W*S1] (a) §l^M*y-hif$tf 5 
x>/\>x^< > hS©N?t*JHrfO SFETi, 

(b) fi^^A^y- h«f$ft^i> A >xi( 
>hfiOPft*MOSFETi. (c) ^fe#MO 

ft»rS3 7'IB» fc*«A. (d) MfgNyy»^MO 
SFETCF l^^f >«^-« i<PAM ft ttmin >■-■** § 

££;fU flftiHP ^ir^^MO S F E Tcpy— 
$n-5fg 1 Q&».»-Sftfl gN?-»;fcJI,MO SFETff) Kl/ 

Mf gP^-^^JUMOS FETmy- HcteiBEfrfr. 
S»2Qg«£ffllEP^j»,K,MOS FETC PUW.V 
M^Xttg 2 OAlB^ ^[;4i^ 5g 2 CMfr 

^ ilB Nft^MOSFEToy-Kc^^ha 
^3g)gfj:ffiEP5: t ^ MOS FETfflHH>S 

ffl$jj:MEPft^) m0S FETCDKl/-f>M?7 

»«aEfc.fcp t «rEAgl^atE-«£EWi*fe»«t;aPYh^ 
lliMlii t5tl^^A*MO S F E T^f 

ri»^2] (a) gfl^M^y-s^^ tta 
x>A>x^>S$!(» p^^^j| / . MOSFETfl . 

(b) §f ^A^iV- ^?^tax>AV7 * 
>MCNft^MOS FETj:. (r.)iMKft-MO 

^wr^. JTiiigs < h<&<ix. (d) aiEP»t»Mo 

S F E TO P K >«HF^« 1 OAffiaM?Blr^i ft 
» VSgl lOfffc, ilffiNyt*JI.MOSFET<PP 

>^S2mA?f,ii afffli:4x ^n-s^i 2(7) 

^fe£3riE rU MIEN^-fr^JUMOS F E T<D>f— h\Z 
S^gtia jgSO^g^flgeP^-fr^MOS F E TOT 

<z>gfe£, fEN^t ^jmo s f e t oy- s i;fea 

3*1-531 6 ( D^g:^:tf[iRN^^^;UMO SFETWKl/ 
MfBP^^^;bMOS F ETfflV- Hcgifofrii 



4$§H¥ 1 2 - 6 8 7 8 8 



7 lffigR N^-fr:fr,)|,MO S F ETC K > 

2 <PAM:fta ^Mfc.»* fttt * jj 9 ogfr 
HufBP^^^JU MQ S FETco-y- HcjfrlSEfrfr;?, 
^8g>^gj:Mr§BN ^r^jPMOS FETCH U-t" V« 

^ttjB2<oAmAaHFiinfc:.»jtftii.sflii o<ott-w> - 

ibJ^_^^#M^-r -5 gl^t^A MO S F E T 
[^ffluE 2 ] 

C»iES#*aiB«i ooio 

tttjEF^] 
[0 0 10] 

i^mmiE 3 1 

iffiEttmms&i ooii 

[SluEFgsgE] 

[0 0 11] (1] §l^ASMOSFET4ffl^ 

*ft5l>A>X^>M©Nf t^^MOS FET 
&. §I^AAy-PS^ff5i>A>x^> 
hSfflP?t^MOSFETi, i£#MOSFET 

^71sIgS ££ffi| x., ifrfgN^^^JbMO S F E TCP K \s 

-i i oxtH^iB ?iwfc.»jLft*i.sig 5 mmur 

MEPf t^MO S F E Tffl p Iz-f >^?<!:%2 

P?t»MQS FET W- M:»»i>ftt» 1 (Pg? 
Iji^fBNf t»;i/MQS F E TOD F P-f >a8^F3Zta^ 
1 CAHjAS^|;4^ e.tlSS 1 Cjfej:, fififRP^ 
t»MQSFETCy- M;M^n *«2 0Mg»,»r 
MEPftUMOSFR TC KU^MffXttttao 
Affi^^ ^tc-^x-ftn-g>^2g)®fe^:, MfBN^^^ 
JkMO S F E Toy- PfcjftKaftaM 3 C»l 
Pft^MOSFETC PK>g?xai2aAm 

OSFETg)y-P|;^tX^ 4g)&t j :a! ,| a py 
tt-^MO S F E TO P >Sf XHS 2 CAM^i^ 

Wtt&ttgj^feK. *tt a>ft<P«tt«EEK:.fcP. JHHF. 

-So 

[^«SMiE4] 



(19) «HIB¥ 1 2 - 6 8 7 8 8 



[J«IE»*JHB*] 0 0 12 

[0 0 12] -Tt5:^^> 06 (a) (p) 
7\Z^-r^Q\Z, jfSNf t^^MOSFETCOFU-f 
(A) h^KDX^m^ (X) MK:#*.6ng 
fg5<S»gft (vj ) fiatBP^^MOSFETO 
FK>Sf (B) ^2^)Alij^Sf (Y) r B 1^^A 
bn^^6^)lfi (vt ) ^^tU filJfgP^^M 

o s f ET(oy- n:»«sn^iB i <qm (Cm) t. 

flftKN^y^l/MOS FETOFK>Sf (A) Xtt 

fg i <ftAa;ftS^ (x) Hfc^Asnsai i cowa (v 

Pjji , v,n ) ffiEPft^MOSFETg)^- 
ht:»«an5lB2(Pgt (Cn) j:WEP?t»M 
OSFET(OFK>8f (B) XB»2(PAffl^ai? 

(Y) &tl^>% 2 (Dm& (VP2B , VP2Y ) 

MENyt^MOSFET(D'ir-H:g«$n5 
fg3 CD^g; (Cm) fcffiEP^t^MOSFETOH 
U-f>*5i^ (B) Xttf 2(PAajJ«? (Y) fflfc^*. 

^m>S3 0ta (VlB , VHH ) jjufBN^^ 

;i/MOSFET(Py— h tC^^gfrl^lg 4 CD3gjl 
(C H 2) j:MEPf t »Jl/MO S F E TO P H >»f 
(B) xa{B2<PAffift»? (Y) Bl:4A5ft5*4 

comfe (vh2b , v»2y ) ££^-rs<fc5K:bfcfe<ft-g 

immm 5 ] 
[«iem**^«] nan* 

[*IE»*«B*] 0 0 13 

[0 0 13] [23 8tti^»AAMOSFETtffll> 
Sfft^>X>A>7^ > M(0Py t^MO S F ET 
HtDNft^MOSFET^, MIB^MOSFET 
HTtEi^^^ffix., MEP?t»MQSFET(OPl/ 

^ >sf i oAai^s^t:4x.^n^$ i i<pm 

MEN^t »MQ S F E T(P P i/-f >«?^g 
2 0Affi^gff B 1i:4^^n^%l 2<Pgffi££jfU 
ftMBN^ *JVM O S F E T(py- h KlfeliftS n^fg 5 
<PgM£ffifgP5^*Jl/MOS FETCO Kl/>f>S?X' 

Nf t^fMOS FETOjr- Hc:8^$*l£fg6 <D<& 
achfflffBN^^^JI/MQ SFET^FH >«fXtt» 

t^MOS F ET(Oy- htCjgMan^»7 (D^&h 
gftlBN^^JUMOS FETg) FUOffl? > Xa»2(P 

ji/mo s f ET<py- h \z#t£2ftzm 8 co^a^mtB 



N^t^MO S F E TOO K U-f >^rfXtej§ 2 CDAhB 
[#«*IIE 6 ] 

[«iE*f*s^«] nam 

[*IIE*MMIB*1 0 0 14 
[«iEA«] 

[0 0 14] -T^^^>, 08 (a) -H) 8 (p) RtfEl 
9 ffiEP»t»JI/MOSFET(OP^ 
>^ (B) ^10Aaai£ (X) f B 1l:4Abn^) 
fg 1 (v ) iEN^t^^MOSFET 

(DHK>Sf (A) <!:»2<OAta^? (Y) 
*i5n£fgl 2com& (vt ) ^fU ffiEN^* 
JUMPS FET^^-M:Si^n^$5g)gl 

(Ch 2 ) £tfjf5P5P^JVMOS FETCO KU-f>«f 

(b) x^KDAa^af (x) f B ic^^n^7 

( v m 2 b , VN2i ) fiftlSN^^UMOS F 

ET<oy-h^»jWgrnsg6<oga (c H i) <hmi5N 

ft^MQSFET<PPK>«? (A) xaS2(P 
AtHftSBHP (Y) fflfc#ASn&!B8<P«fe (via , 

y Wi y ) ffir8ap^^^;uMQSFET0)-y— ht-js 

^^n^)%7CD^a (Cm) ^MIBN^t^MOSF 
ET(OFK>«f (A) X^m2QAt±l^S^ (Y) 
fUnc^*- Sfria^ 9 coHfe (vp 2 a , v?2y ) ffiBB 

pf t^^Mos f e t (ptf— h\z&mznz>m8<Dt& 

a (Cpi) fcHENf t »MO S F E T(Q P U-f >« 

^ (a) gjagj-^Aaass <x) sn&as 

10g)lfi (vriA > vmt ) £o\Zl>tz1b 

i^mmiE 7 ] 

[ttI»MM«] 0® 
[*ttE#*BB*] 0 7 

[«iEA*] 
[0 7] 



